Introduction: Aromatase enzyme activity is predominant in adipose tissue. This has led to speculation that aromatase activity is elevated in obese women and subsequently decreased the clinical activity of adjuvant aromatase inhibitors (AIs) in women with estrogen receptor positive (ER+) breast cancer (BC). We investigated the effect of obesity on the outcome of this population.
Introduction
Breast cancer (BC) is the most commonly diagnosed cancer and is a leading cause of mortality among women worldwide [1] . In patients with estrogen receptor positive (ER+) tumours, the outcome can be improved after surgery by depriving microscopic disease from estrogen through inhibiting ERs or estrogen production. Tamoxifen, a selective ER inhibitor, improves relapse-free survival (RFS) and overall survival (OS) in these patients [2] . Aromatisation of androgens accounts for the peripheral formation of significant proportion of estrogen in post-menopausal (PM) women. For this reason, aromatase inhibitors (AIs) were extensively investigated in the adjuvant setting. Results of randomised clinical trials confirmed the superiority of adjuvant AIs when compared with tamoxifen in PM women [3] . Thus, AIs (letrozole, anastrazole and exemestane) have become the standard adjuvant hormonal treatment in PM women with ER+BC.
Aromatase enzyme activity is predominant in adipose tissue in PM women [4] . This has led to speculation that overweight and obesity are associated with elevated aromatase activity and subsequently decreased the clinical activity of AIs in these women compared with nonobese women [5, 6] .
The prevalence of obesity is increasing in many parts of the world [7] . Multinational research shows increasing levels of obesity that are most pronounced in the Middle East including Saudi Arabia [8] . Limited local studies in Saudi Arabia confirmed obesity [body mass index (BMI) ≥ 30] in 40% of women from the general population and in more than half of those with BC [9, 10] .
Results of the studies investigating the effect of BMI on clinical outcome of women with early BC on adjuvant AIs are not conclusive [11] . Certainly, there are no such studies in women from Saudi Arabia. We aim to study the frequency of obesity and the relation between BMI and BC outcome in PM women on adjuvant letrozole.
Patients and methods
The electronic and paper records of all consecutive patients with PM women with ER+ BC starting adjuvant letrozole between January 2005 and December 2014 in one hospital were retrospectively reviewed. Patients who received sequential/switching therapy (AI and tamoxifen) and those lost to follow-up within 6 months of starting treatment were excluded. All patients were assessed and managed by a specialist BC multi-disciplinary team in a routine clinical setting according to local guidelines. Letrozole was started at a daily dose of 2.5 mg with intention to continue for 5 years or until BC relapse.
Individual patients' data were extracted including: BMI on the day of starting letrozole, patients' and tumours' characteristics and disease outcome. The co-primary endpoints are (1) frequency of obesity in this population and (2) comparing RFS in nonobese (Group 1: G1; BMI <30 kg/m 2 ) and obese (Group 2: G2; BMI ≥ 30 kg/m 2 ) patients. Additional outcome analysis was performed to ascertain that the studied cohort reflects the known behaviour of early ER+BC in general. This was achieved by analysing RFS according to standard clinical prognostic factors (tumour size and grade and lymph node involvement). SPSS.20 software was used for statistical analysis including KaplanMeier and log-rank tests for survival outcome. Chi-squared test (χ 2 ) was employed to evaluate categorical values and T-test for continuous variables differences between G1 and G2. Spearman's test was used to investigate the correlation between BMI and RFS as continuous variables. All data collection and analysis were carried out by three medical oncologists who are the authors of this report. Institutional review board approval was granted for this study.
Results
Three hundred and fifty-four PM women with ER+ BC starting adjuvant letrozole were identified. Thirty-four (9.6%) received sequential/ switching hormonal therapy or had short follow-up and thus 320 patients met the full inclusion criteria and are the subject of this study. For the whole eligible cohort, median age is 58 (45-95) years [mean: 60.3], 10.9% of tumours over-express Her2 receptor (immunohistochemistry+++ and/or fluorescent in situ hybridization) and 30.9% of tumours did not involve regional lymph nodes (pathological stage N0). Table 1 depicts detailed characteristics for the whole cohort and for patients in each BMI group. There was no statistically significant difference between both groups in age (T-test; P = 0.117) and type of surgery, histology, grade, Her2 receptors, which involved lymph nodes and tumour size (Chi-square test; P = 0.810, 0.327, 0.494, 0.116, 0.991 and 0.161, respectively). www.ecancer.org ecancer 2018, 12:821 Median follow-up of patients was 49 months. RFS was longer in patients with primary tumour size ≤ 2 cm, lower tumour grade and no or lower nodal involvement compared to those with tumour size >2 cm (P = 0.004), higher tumour grade (P = 0.037) and higher nodal involvement (P < 0.0001), respectively (Figures 1-3 ).
RFS at 5 years (G1: 69% versus G2: 78%) and at 8 years (G1: 69% versus G2: 71%). Median RFS was not reached in both groups (Log Rank; P = 0.097) (Figure 4 ).
There was no correlation between BMI as continuous variables and RFS (Correlation Coefficient r = 0.075; P = 0.174) ( Figure 5 ).
Discussion
There is now substantial evidence that obesity is a risk factor for the development of BC in PM women [12] . While premenopausal women mainly synthesise estrogens in the ovaries, after menopause, ovarian biosynthesis is largely replaced by peripheral sites synthesis with the adipose tissue being the main source. The primary mediator of PM estrogen biosynthesis is the aromatase enzyme [13] . In PM women, androgens produced by the adrenal cortex and the PM ovary are converted into estrogens by aromatase [4, 14, 15] . Elevated serum estrogen levels and enhanced local production of estrogen in breast tissue explain how increased body weight promotes BC development in these women. www.ecancer.org The median BMI of our 320 eligible patients was 32.8 (range: 18.2-58.2) which is similar to that of the 34 ineligible/excluded patients (33.7, range: 20-55.8) indicating lack of selection bias. The results indicate that two-thirds (68.75%) of PM women with ER+ BC from Saudi Arabia are obese which is higher than what was reported (40%) in the general Saudi female population [9] . This is in line with the findings of the Women's Health Initiative clinical trials confirming the association of obesity had an increased risk of invasive BC risk in 67,142 PM women [16] .
AIs are the standard adjuvant hormonal treatments in PM women with ER+BC [3] . The excess aromatase activity in obese women raised speculations that standard doses of AIs may not be as effective as they are in nonobese women. Serum estrogen levels are higher in obese than in that nonobese PM women. Lønning et al [17] confirmed the parallel relation between BMI and serum estrogen before and during AI therapy. However, there was no relation between BMI and aromatase activity. Results of studies investigating the relation between BMI and clinical efficacy of AIs have been contradicting [18, 19] .
Our results show that there is no detrimental effect of higher BMI on BC specific outcome. In fact, patients with higher BMI had numerically superior RFS during the first 5 years. This difference became less apparent at 8 years ( Figure 4) . Benefit from adjuvant AIs and tamoxifen can increase overtime many years after stopping the treatment [20, 21] . For this reason, it will be interesting to observe the outcome of our patients after a longer follow-up (e.g., after 10-15 years).
The lack of detrimental effect of obesity was consistent when the cohort was divided into a dichotomous manner according to WHO classification of obesity and when BMI was tested as a continuous variable (Figures 4 and 5) .
In view of these results, it was imperative to ensure the validity of the collected information. We analysed the outcome of our patients according to established prognostic factors (tumour size and grade and number of involved lymph nodes). This analysis showed that the outcome of patients in our cohort is parallel to what is universally recognised with longer RFS in patients with smaller and lower grade tumours and in those with and no or lower nodal involvement (Figures 1-3 ).
ATAC was a large randomised phase-III trial that compared adjuvant anastrazole to tamoxifen in women with BC. After a median follow-up of 100 months, women receiving anastrozole had lower recurrence rate than those on tamoxifen (HR, 0.73; 95% CI, 0.63-0.83; P < 0.001). www.ecancer.org ecancer 2018, 12:821 However, the benefit of anastrozole compared with tamoxifen was greater in thinner women. For women with BMI < 23, the adjusted HR comparing anastrozole with tamoxifen was 0.64 (95% CI, 0.45-0.91), whereas for women with BMI > 30 kg/m 2 the adjusted HR was 0.84 (95% CI, 0.61-1.14). This analysis ignores a large set of patients (53%) with BMI between 23 and 30. However, investigators divided the patients into what seems to be arbitrary six BMI groups. Increasing BMI in these six groups was associated with increasing risk of recurrence (x 2 P for trend = 0.001) in women receiving anastrazole. In their conclusion, the authors suggested that the relative efficacy of anastrozole compared to tamoxifen is greater in thin PM women and higher doses or more complete inhibitors might be more effective in overweight women, but this requires independent confirmation [19] .
The BIG 1-98 was a large randomised phase-III trial that compared adjuvant letrozole to tamoxifen. Information on BMI at randomisation was available for 4,760 patients. After a median follow-up of 8.7 years, the RFS was not statistically different between women with normal weight, overweight and obese BMI (Gray's P = 0.81). The authors concluded that there is no evidence that the benefit of letrozole over tamoxifen differed according to patients' BMI [22] .
A smaller retrospective study of 501 patients who received adjuvant anastrazole (42.5%) or letrozole (57.5%) investigated the relation of BMI to the treatment outcome. The 3-year RFS was 77.6% and 85.5% in normal weight and overweight/obese patients, respectively (P = 0.08) [23] .
It is difficult to explain the contradictory findings of these two large trials (ATAC and BIG 1-98) and other smaller studies (including ours). Several studies have reported that estrogen suppression is more complete with letrozole than that with anastrozole [24, 25] . One possible explanation is that letrozole is sufficiently active to overcome any incomplete suppression seen with anastrozole. This explanation is reassuring because it indicates that the standard dose of letrozole is sufficient to inhibit the excess amount of estrogens that obese women produce from peripheral aromatisation. Saying this, it is important to note that there is no firm evidence to indicate any difference in the clinical activity between anastrazole and letrozole. An open-label phase-III b/IV study randomised 713 patients with advanced BC had progressed on antioestrogen therapy to anastrazole or letrozole. The primary efficacy endpoint was time to progression (TTP). There was no difference between the treatment arms in TTP, clinical benefit, median duration of response, duration of clinical benefit, time to treatment failure or OS [26] . Other studies also reported equivalent efficacy of both AIs [27, 28] Suboptimal adherence to treatment is considered to be an important clinical issue. Adherence of patients with BC to oral hormonal therapy was analysed in a systematic review of 24 studies. The authors reported a wide range of adherence and discontinuation rates, ranging from 45 to 95.7% and 12 to 73 %, respectively [30] . It was not possible to ascertain the rate of adherence in our study, which may be considered a limitation. However, adherence would have unlikely affected our results as previous literature showed that adherence to adjuvant hormonal therapy is not associated with BC outcomes [31] . Generally, financial restrictions can lead to treatment noncompliance. However, this restriction did not apply to our patients as they were treated in a public hospital providing free health care and medication.
The retrospective design and the relatively small sample size from a single institution can be considered as limitations in our study. On the other hand, the strengths are: (a) It represents all eligible sequential patients in real-life practice; (b) the validity of the collected information was scrutinised and found to be representative of behaviour of BC; and (c) median follow-up was relatively long at 49 months. However, longer follow-up may be indicated as discussed above.
Conclusion
In this study population, obesity is common in PM women starting adjuvant AIs for BC. Obesity did not adversely affect the benefit from adjuvant single agent letrozole. This issue may warrant further investigation in the future if the currently ongoing trials support combining adjuvant AIs with other biological agents such as mTOR and CDK4/6 inhibitors. www.ecancer.org ecancer 2018, 12:821
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